United States Patent m 

van Brederode et al. 



(in 3,981,957 
[45] Sept 21, 1976 



1541 PROCESS FOR PREPARING FINELY 
DIVIDED POLYMERS 

[75| Inventors: Robert A. van Brederode, Baytown, 
Tex.; Robert A. Stetnkamp, Baton 
Rouge, La. 

1 73 ] Assignee: Exxon Research and Engineering 
Company, Linden, NJ. 

(221 Filed: Aug. 6, 1975 

(211 Appl. No.: 602,213 

[521 U.S. CI 260/878 R; 264/8; 

264/12; 264/13; 528/483; 528/491; 528/502 

1511 Int.CI. 2 C08F6/00 

158 1 Field of Search 260/93.7, 94.9 F, 94.9 GC, 

260/94.9 GD. 878 R; 264/8, 12, 13 

[561 References Cited 

UNITED STATES PATENTS 
3,1 19,801 1/1964 Haskell 260/94.9 GD 



3,244,687 4/1966 Spindler 260/94.9 GD 

3,306,342 2/1967 Di Salvo et al 264/12 

3,563,975 2/1971 Zavasnik 260/94.9 F 

3,743,272 ' 7/1973 Nowotny et al 260/94.9 GD 

3,849,516 11/1974 Plank 260/878 R 

3,862,265 1/1975 Steinkamp et al 260/878 R 

3.882.095 5/1975 Fowells et al 260/94.9 F 

3,891,499 6/1975 Kato et al 264/13 

3,896,196 7/1975 Dickey et al 264/13 

3,936,512 2/1976 Tabara et al 260/94.9 GD 



Primary Examiner — Alan Holler 
Attorney, Agent, or Firm— David A. Roth 

[57] ABSTRACT 

A high density polymer powder is prepared by prepar- 
ing a melt of the polymer, and intimately mixing from 
1 0 to 50 weight percent of a solvent therewith, and 
discharging the mixture through an atomizing nozzle. 

17 Claims, 2 Drawing Figures 
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infrequently powder products from spraying are 

PROCESS FOR PREPARING FINELY DIVIDED spheres with fine tails.. Another frequent problem with 

POLYMERS spraying solutions has been a build up of precipitated 

n t o„on/M^,r. /sr T ,.r- polymer on the spray nozzles and generally sprayed 

BACKGROUND OF THE INVENTION .. 5 of polym ^^ ntain , ess tb J 30% by ^ gh Lf 

This invention relates to the preparation of finely the polymer. Furthermore, recovery and storage of the 

divided normally solid/ synthetic organic polymeric solvent can entail substantial equipment installations, 

thermoplastic resins. Attempts to overcome these problems, generally have 

Thermoplastic polymers in powder or finely divided involved, random modification of process variables, 

form have a wide variety of commercial applications, 10 changes of solvent and exotic spraying and atomizing 

such as for example, the dry powders have been used to equipment; 

coat articles in dry form by dip coating in either static Some spray techniques, such as shown in U.S. Pat. 
or fluidized beds, by electrostatic coating, spraying or No. 3,166,613 or Belgian Pat. No. 702,690, spray mol- 
dusting and flame spraying. The powders are used in ten polymer, where molten polymer is pumped into a 
dispersed form in suitable liquid carriers to apply coat- '5 high velocity gas or vapor stream and discharged 
ings by roller coating, spray coating, and dip coating to through a suitable nozzle. A principal problem encoun- 
a variety of substrates such as, glass, ceramics, metal, tered with this approach is the relatively high tempera- 
wood, cloth, paper, paperboard, and the like. The tures required to reduce the polymer viscosity to a 
finely divided polymers have also been successfully. satisfactory level for spraying, which can cause a sub- 
employed in conventional powder molding techniques. 20 stantial degradation in the molecular weight of the 
The fine powders have also been applied as paper pulp polymer. 

additives, mold release agents, wax polish, paint com- The present invention has advantages over the prior 

positions, binders for non woven fabrics and finishes spraying methods in that it may operate at lower tem- 

for woven fabrics. peratures than molten spraying techniques, hence less 

There are basically four types of processes employed 25 polymer degradation, yet will not involve the large 

in the prior art for preparing finely divided polymer recovery problems of solution spraying, 

particles, i.e., mechanical grinding, solvent precipita- citumadv ^c -ruc ixrv/cKmnv 

tion, dispersion and spray atomization of solutions or SUMMARY OFTHE INVENTION 

slurries. Briefly stated the present invention is a process for 

Generally mechanical grinding employs conventional 30 producing a high density polymer powder comprising 

equipment to yield particles of irregular shape and wide heating a normally solid polymer to form a melt, iriti- 

size variation of from about 75 to 300 microns. The mately mixing into said melt from 10 to 50 weight 

powders produced by this method are not suitable for percent of a solvent and discharging said mixture of 

applications where free flowing powders are required, polymer melt and solvent through an atomizing nozzle, 

since the irregular shapes may inhibit the flowability pf 35 DRAWINGS 
these powders. The grinding of some polymers may be 

very costly because of the toughness of the resin, even FIG. 1 shows a simple spraying nozzle that may be 

when cryogcnieally cooled. employed m the process in cross section. 

The precipitation technique generally entails dissolv- FIG. 2 is a front view of the nozzle. 

X^^iSS^SS^S^ 40 DETAILED DESCRIPTION OF THE INVENTION 

of a nonsolvent, evaporation of the solvent or a combi- In general the polymers suitable for the practice of 
nation of the two. Problems in this process have in- the present invention include any normally solid syn- 
cluded difficulty in manipulating the solvents, solvent thetic organic polymeric thermoplastic resin. Included 
removal, particle agglomeration which requires a great 45 are polyolefins, vinyls, olefinvinyl copolymers, olefm- 
deal of energy and particles having irregular somewhat allyl copolymers, polyamids, acrylics, polystyrene, eel- 
rounded shapes. lulosics, polyesters, and polyhalocarbons. II 

The dispersion method also is subject to high shear Vinyl polymers suitable for use herein include polyvi- 

conditions. Frequently water in the dispersing medium nyl chloride, polyvinyl acetate, vinyl chloride/vinyl 

and dispersing agents are used to facilitate the disper- 5 P acetate copolymers, polyvinyl alcohol and polyvinyl 

sion. Hence the powders produced by this technique acetal. 

generally incorporate some or all of the dispersing Among the suitable blefin-vinyl copolymers are ethy- 

agent in the powder which can create undesirable lene-vinyl acetate, ethylene- vinyl propionate, ethylene 

changes in the original polymer properties, e.g M in- vinyl isobutyrate, ethylene-vinyl alcohol, ethylene- 

creased water sensitivity, loss of electrical insulating 55 methyl aery late, and the like. Olefin-allyl copolymers . 

values, loss of adhesive capabilities, etc. include ethylene-allyl alcohol, ethylene-allyl acetate. 

The final type of prior art process is the spray tech- ethylene-allyl acetone, ethylene-allyl benzene, ethy- 

nique which is generally satisfactory for producing Icrie-aJlyl ether, and the like. 

uniform non-agglomerated spherical particles, how- Examples of some specific acrylic polymers are poly- 

evcr, very speciallized equipment, usually nozzles oper- 60 methyl methacrylate, polyacrylonitrile, polyihethyla- 

ating under a limited range of conditions to prevent crylate and polyethylmethacrylate. The polyamides 

nozzle plugging arc required. A substantial problem in suitable for use include polyhexamethylerie adipamide, 

spraying is the shearing of a polymer solution as it polyhexamethylene sebacamide, and polycaprolactam. 

passes through the nozzle, premature precipitation of Generally the most suitable polyolefins for use in the 

the polymer or too rapid volatilization. ^ present process include normally solid polymers of 

Spray drying solutions of polymers is a difficult pro- mono-alp ha-olefins, which comprise from 2 to 6 car-, 

ccdure. Large irregular particles or only fibers fre- boh atoms, for example, polyethylene, polypropylene, 

quently result from sprayed polymer solutions. Not polybutene, polyispbutylencs v poly (4-methylpentene- 
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1 ), copolymers of these various alpha-olefins arid the such as sodium chloride, per mol of reduced titanium 

' like. '. \ ■•' ... ' 1 tetrahalide can be used for improving catalyst activity. 

' The catalyst for alpha-olefiri i polymeri^tioh normally The monomers may be polymerized at moderate 

contains, a trahsitiori . metal compound, preferably : a temperatures and pressures with the Ziegler type cata- 

halide and a reducing component consisting normally 5 lysts described above, generally at temperatures of 0° 

of alumiftiirn metal or a metal alkyi compounid. ftepre- to 1 50° C, with temperatures on the order of 25° to 80° 

sentative of the transitiqri metal compounds, used is a C being particularly useful. A solvent such as a paraffin 

metal selected from Groups 4B, 5B, and 60 of the or cycloparaffin having 3 to 12 carbon atoms, may be 

Periodic .System.* Included in the preferred species are employed for the polymerizations, however, the olefin 

the titanium halides, for example, titanium tetrachlb- 10 monomer is frequently used ifor this purpose. The poly- 

ridc, titanium trichloride, and titanium dichloridcand merizations are preferably conducted under conditions 
mixtures thereof. Other, metal compounds, such as zirV; that exclude '. atmospheric impurities such as moisture, 

conium tetrahalide and hafnium tetrachloride, vana- oxygen and the like. 

dium. chloride, chromium chloride, tungsten chloride, 15 The' pressure ranges from about atmospheric pres- 

and the like, are especially useful. Still other transition sure to about several atmospheres, with pressures in 

metal halides containing halogens selected from the expess of about 500 p.s.i. rarely being employed, 

group consisting pf bromine, iodine, chlorine, and in After the polymer has been produced, the catalyst is 

certain instances fluorine, can: also, be used. . deactivated by contacting the polymeric reaction mix- 

* Hantlbood of Chemistry and Physics, The Chemical Rubber Coi, ture With a material which reacts with and deactivates 

c.c«iand.Ohi 0 .45.h EdiUon. URM-i. ' 20 ^ atal . the , ^ neutralized washed and 

The reducng component of .the catalyst composmon recovered as known ft tte art. 

may be any of a Vanety of reducing agents. Most corn- The term ^ used here includes ^ 

mon among the reducing agents are the organometall.c materiais modified ^ such ^ ^ m ^ 

^^^.^^■.^^J^^.f^^ d, - f rated,organic acids, for example, maleic acid, muconic 
ethyl -chloride, aluminum ethyl d.chlonde aluminum. " ac id, dimethyi muconic acid, acrylic acjd, methacrylic 
diethyl hydride aluminum tnisobutyl, aluminunv tniso- atid> vi , acetic ^ ^ ^ ^ o^ny the p £, y _ 
propyl, and r^late^ compounds. Many; other reducmg o|efms be modffied b from , to , 0 ^ ^ t 
agents such as l«h.um alummum hydr.de zmc ethyl of Ae ; UBM¥iaie< i/ ackl. The modification has been 
h 4 r, f e ' '«ke are described m the literature as observed to ; mproye the surface characteris _ 
useful reducing agents and, can also be used These ti«of the r^lyoiefm polymers when they are employed 
catalysts are. all pf the now well known "Ziegler" van- as face coatings, particularly the alpha-olefins, such as 
6 ^ ^ • .'i ' ■"• ; "i . , . * polypropylene.. The modifying unsaturated acids may 
Certain i^er catalysts, or more particularly, cer : be incorporated into the polyolefins by intimately con- 
tain modified Ziegter catalysts, have been found to be ^ ^ modifier, with the polyolefin in a melt or 
especially useful for polymerizing alpha-olefins. For solution of the polymer.-. 

example v a^tanium trichloride catalyst modified with : In the process of the present invention it is possible to 

aluminum chlorioV haying ^the. formula, T^WW*. employ graft polymers prepared by known methods in 

Normally, this modified : Ziegler catalyst is activated me aft> . e .g. those to be found in U.S; Pat. Nos. 

with a metal alkyl such as an aluminum alkyl, and pref- 4Q 3,177,269;.- 3,177,270; . 3,270,090;. 3,830,888; 

erably'with ; an^ 3,862,265; British Pat Nos. 1,21 7,23 1 ; 679,562 and 

tural formula, R 2 A1X or R 3 Al 2 X 3v wherein R is selected the like - 

from the group consisting of alkyl radicals contam^ The preferred modifying - monomers which are 

to 1 2, carbon, atoms or phenyl or. benzyl radicals, and X grafled to the backbone ^ q to CWpreferably C 3 to 

is a halogen atom selected from the group consisting pf 45 Q unsaturated mono- and polycarboxylic-containing 

chlorine, bromine or iodine. unsaturated acids with preferably at least one olefinic 

A variety of monomers may be polymenzed with the unsaturation^ anhydrides, salts, esters, ethers, amides, 

Ziegler type, catalysts. Any unsaturated hydrocarbon nitrfles, thio, ; glycidyl, cyano, hydroxy, glycol, and 

corresponding to the general formula R-^CH=?€H a i other substituted derivatives thereof 
wherein R ts : selected from the group consisting of an. 50 Examples of such acids, anhydrides and derivatives 

alkyl radical having from one to six carbon atoms, a thereof include maleic acid, fumaric acid, itaconic 

phenyl radical; and- an alkyl substituted phenyl radical ac jd, citraconic acid, acrylic acid, glycidyl acrylate, 

can be used. Examples of specific unsa^rated hydro- cyan© - ethyl acrylate, hydroxy ethyl -■ methacrylate, 

carbons which>can be, polymerized include alpha T ole- acrylic polyethers, acrylic anhydride; methacryiic acid, 

fins containing 3 to 8 carbon atoms, such as.propylene, 55 crotbnic acid, isderotonic acid, mesaconic acid, angelic 

butene, isobutylene, pentene, isoamylene, hexene, iso- acid, maleic .anhydride, itaconic anhydride, citraconic 

hexenes,*feptene, isbheptenes, octene, isooctenes, and anhydride, sodium acrylate, calcium acrylate, magne- 

the like. ' r sium acrylate and the like. • 

. The ^ preferred catalyst composition for the fk>lymieri- Other monomers which can be used either by them- 

zatioh of propylene comprises a modified .titanium 60 selves or m combination' with one or more of the car- 
trichloride having the structural formula, Ti0l a . MiAlClaV Boxylic acids or derivatives thereof include C 8 to C50 
activated : with diethyl aluminum chloride. Ratios of vinyl monomers sUch as mohdvinyl aromatic com- 
diethyl aluminum chloride and titanium, trichloride :o£ pounds, he/ styrehe, chld^tyrenes', bromostyrenes, 

between 0.3: 1 and 6: 1 may be advantageously used. alpha-methyl styrehe : arid die- like. : 
; The presence of an alkali metal halide in : an amount Of 65 Other mohomere which can be used are C 8 to C 50 

between 0.5 to lO nipls of an alkali metal halide per vinyl esteris and ailyl estelre^ 

mol of reduced titanium tetrahalide, and preferably a laurateVvt^lslearate, Vmy^ 

mol ratio of from 0 . 8 to 5 mols of ah alkali metal halide, 1 " mers haying two or rrioire 'yinyl groups,' such as divinyj 
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benzene, ethylene dimethacrylate, triallyl phosphite, The monomer to be graft polymerized is used in 
dialkylcyanuratc and triallyl cyanu rate. . amqunts of. 0,0! to 100; preferably 0.05 to 50, and 

The process, pf the present: invention is especially '' most preferably 0.1 to 25 weight percent of the base 
useful for grafted polymers prepared by grafting a poly- polymer. ... 

mer of a C 2 to C a mono-a-oiefin 6i. its copolymers with 5 Generally, the monomer and initiator are blended 
acrylic acid in a special process. The polymers of C 2 to 'together and added simultaneously, except in the situa- 
C 8 mono-a-olefins are commonly referred to as poly- tion of a polyethylene or ethylene predominant copoly- 
olefins and for the purpose of this invention are to mer. illustrative of the graft preparation is the grafting 
include copolymers of the G, to € fl mono alphaolefms of acylic acid onto polypropylene. Molten polypropyl- 
with each other and with other monomers as well as the 10 ene is contacted with acyclic acid at 400° to 650° F, 
homopolymers. , : ' preferably >400° to 550° Fin the presence of a peroxide 

Polymers containing diolefins such as butadiene and initiator. The initiator and acrylic acid are added as a 
isoprene are also suitable. The polyolefins are pro- liquid blend. The resulting graft copolymers have been 
duced utilizing in most instances a ZiegleMype cata- appreciably degraded and changed in molecular weight 
lyst, but can also be Phillips catalysts and high pressure 15 as> compared to the base polymer, 
technology. .The temperature of the melt in the present . spray 

Examples of suitable polyolefins, both plastic and process should be adjusted to lie in the range between 
elastomcric, include low or high density polyethylene, the melting point of the polymer and the maximum 
polypropylene, polybutene-1 , poly-3-methylbutene-l , temperature at which no chemical change, e.g., degra- 
poly-4-methylpentene-i, copolymers of monoolefins 20 dation, occurs in the polymer. Preferably it is best to 
with other olefins (mono- or diolefins) or vinyl mono- carry out the present process as near to the melting 
mers such as ethylene-propylene copolymers or with point of the polymer as possible. Furthermore, since 
one or more additional monomers, i.e. EDPM, polymer degradation is a function of both time and 
ethylene/butylene copolymer, ethylene/vinyl acetate temperature the residence time of the molten polymer 
copolymer, ethylene/ethyl acrylate copolymer, 2 5 j n the equipment should be held;to. a minimum. 
propylene/4-methylpentene- 1 copolymer and the like. The solvents which may be employed include not 

The term "copolymer" includes two or more monor only those' materials which are considered good sol- 
mer constituents and substituted derivatives thereof. vents, but may alsb include the so called "poor" sol- 

The preferred polyolefins employed in the present vents. This is partly because of the high temperatures 
invention contain propylene and/or ethylene, i.e. poly- 30 used to melt the polymer. Suitable solvents include 
propylene and polyethylene. The starting polymer used paraffins or cycloparaffins having 5 to 12' carbon 
as a base material in the graft process will preferably atoms, such as n-pehtarie, isopentane, isooctane, cyclo- 
have a melt index (MI) (ASTM EM238-65T) of I to nexane, methylcyclohexane, nonane, and the like or 
40, preferably 5 to 40, and most preferably i 5 to 40, or mixtures of solvents which may be classed as "good" 
melt flow rate (MFR) betweenn about 0.1 to 50 and 35 solvents: The poor solvents include for example nitro- 
preferably 1 .0 to 10, most preferably 2 to 5. These melt benzene, methylene chloride, tile chlorinated benzenes 
flow rates correspond approximately to viscosity aver- and the like. Suitable solvents may be described as 
age molecular weights of about 100,000 to 500,000. organic compounds which exhibit some solubility for 

The preferred monomers to be grafted to the C 2 to C 8 the polymer under the conditions of use. 
pblyolerTri and other polymers for use in the present 40 The solvent is preferably fed at about the same tem- 
invention are maleic anhydride, acrylic acid, meth- perature as the polymer melt and should at least be at 
acrylic acid, glycidyl acrylate, hydroxy ethyl methacryl- the melting point of the polymer. The solvent can be at 
ate and their derivatives! Others that can be used are higher temperatures than the melt, however, there will 
described elsewhere herein. However,' other monomers generally be no greater than 20G° difference and pref- 
may be added in admixture with these such as maleic 45 eirably less m the temperature of the streams. • 
anhydride (MA), stjrehe, acid esters, salts and the like The solvent and melt are contacted and intimately 
to form graft copolymers. MA and styrene and MA and mixed, preferably at a point as near the melting of the 
acrylic acid are preferred over MA alone when poly- polymer as possible. The melting and intimate mixing 
mer grafts of MA are desired. can be carried out substantially simultaneously, 

The grafting reaction is initiated by a free radical 50 thereby reducing the necessary residence time of the 
initiator which is preferably an organic peroxygen pom- polymer at elevated temperatures. The solvent may be 
pound. Especially preferred peroxides are t-butyl per- conveniently mixed with the melt in an extruder barrel, 
benzoate, dicumyl peroxide, 2,5^miethyl-2,5-di-tert- static mixer or other vessel. The mixing is carried out at 
butylperoxy-3 hexyne (Lupersol 1 30), a, a'-bis (tert- sufficient pressure to maintain the solvent in a predom- 
butylperoxy)diisopropyl benzene (VuICup R or Perca- 55 inantly liquid phase. 

dox 14), or any free radical initiator having a 10-hour Only about 10 to 50 weight percent of solvent is used, 
half-life temperature over 80°G. or mixtures thereof. preferably less than 40 percent, based oh the total of 
Generally, the higher the decomposition temperature solvent and polymer melt, compared to a typical sol- 
of the peroxygen compound, the better. See pp 66^67 vent system containing 80 to 90% solvent. The solvent 
of Modern Plastics, November 1971, which is incdrpo- 60 serves to reduce the viscosity of the melt at a lower 
rated hereby, by reference; for a more complete list of temperature than would be required with the polymer 
such compounds. ; alone, yet relatively small amounts of solvent are em- 

The free radical initiator is used ' in amounts corre- ployed in regard to solvent systems, 
spending to 0.005 to 5, preferably 0.02 to 2, most pref- , The solvent is added under pressure, in those in- 
erably 0.02 to 1.0 weight percent based : on monomer. 65 stances where the vapor pressure of the solvent is 
When based on polymer, free radical initiator is used in greater than 760 mm of Hg at the temperature of the 
amounts of OiOOOl to 1, preferably 0.00 'K arid most melt. It is not essential that solvent flash off as the 
preferably 0.001 to 0.5 weight percent. ' ; ' atomized mixture leaves the nozzle. It is an advantage, 
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however, if. substantially, all of the solvent is removed 
from the powder particles, so that a relatively dry pow- 
der, needing little or no further drying is recovered; 

The polymer melt-solvent stream may be atomized 
with or without a. blowing stream of gas, The figures 
show a conventional, simple nozzle in which a blowing 
gas is used to aid atomization. The use of steam or an 
inert gas such as nitrogen, helium or the like, reduces 
the hazard of a dust expolosion in the collector. How- 
ever, a single fluid nozzle may be used. 

The particles recovered have substantially spherical 
shape of fine, less than 200 microns, size. 

In one embodiment of the present invention the mod- 
ified polymers, such as polypropylene modified with 
acrylic acid, is fed directly from the portion of the 
extruder, wherein the modified polymer is prepared, 
intimately mixed with a solvent and sprayed according 
to the present invention to produce powder of the mod- 
ified polymer. 

It is necessary to determined for each polymer and 
solvent the precise conditions and amount of solvent to 
be employed, which will require only a minimum 
amount of routine work for the skilled experimenter to 
obtain optimum results. 

The polymers may contain conventional thermal and 
ultraviolet stabilizers, flame retardants, dyestuffs and 
even fillers, such as titanium dioxide, talc and the like, 
provided these materials are of fine enough size. 

Referring now to the figures a conventional two fluid 
nozzle 10, is shown. In FIG. 1, a liquid conduit 11 is in 
the center of the nozzle, through which the mixture of 
polymer melt and solvent is forced at a pressure of from 
5 to 300 atmospheres and out opening 14. Adjacent to 
and concentric about the opening 14 is opening 13 
which connects to a conduit, through which a blowing 
gas, such as nitrogen is forced at a pressure of 10-150 
psi. This nozzle is a standard atomization nozzle. 

EXAMPLE 1 

A nozzle* such as that shown in the drawings is em- 
ployed. The nozzle is stainless steel and has a liquid 
orifice of 0.020 inch ID and a 0.007-inch gas annulus. 
The atomizing gas is nitrogen. The feed is polypropyl- 
ene melt. Temperatures are measured by thermocou- 
ples. The conditions in the atomizing nozzle are: 

Feed Rate: 10 grams of polymer per minute 

Feed temp. °F variable 

Nozzle temp. 450° F 

Nitrogen temp. 590°F 

Nitrogen pressure 40 psi 
at feed temperatures of 800° F+ mainly powder is pro- 
duced. At lower temperatures, e.g., 600° F, fibers are 
produced. The same apparatus is also used to produce 
powdered low density polyethylene. At temperatures of 
790° to 870° C mainly powder is produced. 

• Spraying Systems Co. Wheaton, Illinois 

The powder, products produced under these condi- 
tions when compared to the polymer feed is found to be 
substantially degraded, vis. 
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780 
850 



Intrinsic VjscgsitY 

1.50 
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1.04 
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EXAMPLE 2-11 

The same : apparatus as described in Example 1 is 
used but the polypropylene 1 or polyethylene melt is 
mixed with 30% of a solvent and sprayed through the 
nozzle. The solvents and conditions are set forth in 
Table I. Powder of the same type as produced in Exam- 
ple 1 is the main product. Examination of the intrinsic 
viscosity shows only slight degradation of the polypo- 
lymers. 

TABLE I 





Melt 

Temp 

« F 


Type 


Solvent 

op 


Pressure Psi 


Polvethvlene 










2 


300 


heptane 


300 


10 


3 


300 


octane 


300 


5 


4 


350 


octane 


350 


10 


5 


350 


octane 


350 


5 


6 


300 


hexane 


350 


15 


Polypropylene 










7 


370 


hexane 


400 


25 


8 


370 


octane 


400 


10 


9 


400 


hexane 


400 


25 


10 . 


400 


octane 


400 . 


10 


11 


400 


octane 


440 


10 



65 ; 



Examples 2-1 1 are constructive. 
The invention claimed is: 

1. A process for producing high density polymer 
powder comprising: 

heating a normally solid thermoplastic polymer to 
form a melt, 

intimately mixing into said melt from 10 to SO weight 
percent of a solvent, and 

discharging said mixture through an atomizing noz- 
zle. 

2. The process according to claim 1 wherein the 
temperature of the melt is between the melting point of 
the polymer and the maximum temperature at which 
no chemical change occurs in the polymer. 

3. The process according to claim 2 wherein the 
maximum temperature of the melt is the temperature at 
which substantially no degradation of the polymer oc- 
curs. 

4. The process according to claim 2 wherein the 
temperature of the solvent is at least the melting point 
of the polymer. 

5. The process according to claim 4 wherein the 
temperature of the solvent is within 40F° of tempera- 
ture of the polymer of the polymer melt. 

6. The process according to claim 1 wherein the 
intimate mixing is carried out under pressure. 

7. The process according to claim 6 wherein the 
pressure is sufficient to maintain the solvent liquid 
phase. . 

8. The process according to claim 1 wherein there is 
less than 40 weight percent solvent based on the total 
of solvent in polymer melt. 

9. The process according to claim 1 wherein the 
intimate mixture is contacted with a blowing gas during 
atomization. 

10. The process according to claim 9 wherein the 
blowing gas is inert. 



05/09/2003, 



EAST Version: 1.03.0002 



3,981,957 



11. The process according to claim 4 wherein the 
intimate mixing is carried out under sufficient pressure 
to maintain the solvent in liquid phase and the mixture 
is contacted with an inert blowing gas during atomiza- 
tion. 

12. The process according to claim 11 wherein the 
solvent is a paraffin or cycloparaffin having 5 to 12 
carbon atoms. 

13. The process according to claim 12 wherein the 
polymer comprises polypropylene. 



10 



: 14. The process according to claim 12 wherein the 
^polymer comprises jx>lyethylene. 

15. The process according to claim 12 wherein the 
polymer comprises grafted poiyolefins: 

16. The process according to claim IS wherein said 
grafted polyolefms is acrylic acid grafted. 

.17. the process according to claim 15 wherein said 
grafted polyolefm is glycidyl acrylate grafted. 
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